Sustainable basin management is important for both people and ecosystems. Increasing science-policy and inter-sectoral dialogue is recommended as a means to balance competing demands and achieve this; however, this dialogue is not necessarily easy to achieve. Here, we present a serious game aimed at communicating the complex relationships present in river basins and enabling dialogue between policymakers and scientists in the Magdalena-Cauca basin, Colombia. Players guide the development of a fictional river basin over 30 years and the impacts of their decisions are simulated using WEAP water resources modelling software. The game has been used in various contexts. Here, experiences with stakeholders at a national forum in Bogota and with water professionals in Bangkok are discussed. The experience shows that the game is attractive to stakeholders, stimulates dialogue and provides interesting insights into the way computer models and stakeholders mental models can interact with and enrich each other.
Introduction
Many countries worldwide are facing water stress, and this is expected to become more acute in the future. Demands for water, food and energy are rising; at the same time, environmental degradation and climate change are limiting the capacity of natural systems to provide secure, regulated supplies. As a result floods, droughts and water conflicts are becoming more frequent (Arnell et al., 2004) . Against this backdrop, more sustainable water management, preserving both human access to water and the flows needed to keep ecosystems alive, is vital (Pahl-Wostl, 2002) . To achieve this, an integrated approach involving extensive stakeholder dialogue is widely advocated (Global Water Partnership, 2009 ). However, implementing this transition is challenging, and recent attempts have revealed difficulties (Jeffrey and Gearey, 2006; Medema et al., 2008; Pahl-Wostl et al., 2007) .
For the transition to be implemented, a social learning process needs to take place in which stakeholders become aware of the relationship between their own frames of reference and those of others. Then, differences can be dealt with constructively, and shared ideas can be used to facilitate cooperation. The sectoral command-and-control approach inherited from the past, factually wrong, incomplete or unshared mental models, and lack of sciencepolicy dialogue are key obstacles in this process (Pahl-Wostl and Sendzimir, 2005) .
To overcome these barriers, a space is required which is free of the restrictions of past systems, where mental models can be safely and easily compared and corrected, and where scientists and policy-makers can come together. A "serious game" can serve as such a space. Serious games are games or simulations used to achieve an organisational or educational goal, and such games have already been used to facilitate stakeholder cooperation in the water management sector (Rusca et al., 2012) . As well as bringing stakeholders together, they can be an accessible interface between scientific models and non-experts.
Simulation games are regarded by many as valuable tools for social learning (Hofstede et al., 2010) or increasing participation in modelling practice (Voinov et al., 2016) . There are various theories for how they may work. Some argue that since humans are designed for learning through active enquiry, as we do as children, serious games provide a more natural group learning experience (Garris et al., 2016) . Another theory is that gameplay makes us create a second persona which represents us in the game; this persona is free to explore new knowledge and ways of thinking which our real persona is restricted from exploring by emotional factors or responsibilities, but the experience gained is ultimately transferred to the real persona (Wagner and Wernbacher, 2013) . Still others argue that the fun component of games motivates players to engage with material or people they would not usually interact with (Simons, 1993) . Another theory is that games provide a simulation of organisational life and change, which then allows players to integrate what they have learned into their professional environment (Hofstede et al., 2010) .
Reviews of studies of serious gaming note that although it is difficult to determine the long-term impacts of serious gaming, there is evidence that serious games are at least as effective as other communication and education tools, especially for group learning. However, the literature emphasizes that a game in itself does not necessarily stimulate learning, and must be supported by meaningful instruction to be effective (Hays, 2005; Hofstede et al., 2010; Ulrich, 1997) . A review of serious games in the water and land management sectors was also carried out. Such games range from complex computer simulations such as Deltares Sustainable Delta game (van Pelt et al., 2015; Van der Wal et al., 2016) , DHIs Aqua Republica (Chew, 2014) and the LandYOUs land management game (Schulze et al., 2015) , to board games such as the FloodCom game (FloodCom, 2014) , and games with sticks and pebbles, like the River Basin Game (Magombeyi et al., 2008) . Some more games from Europe are reviewed in detail in a 2007 review (Schanze et al., ) . Objectives and audiences vary and the game format must vary to match; however, a common goal is providing a way for players to interact with complex information in a way which is both understandable and emotionally engaging. Of the games reviewed, few explicitly quantified variability and risk and for most, little information was available on the evaluation of the game and whether it finally achieved its intended purpose.
Here, we present a description and evaluation of SimBasin, a basin management simulation game developed to stimulate social learning in the Magdalena-Cauca basin in Colombia. This large basin covers 24% of the land area of the country, and provides 80% of Colombia's hydropower, 70% of its agricultural production, and a home to 32.5 million people. However, the basin has experienced significant ecological damage due to this intense anthropogenic pressure, including a loss of 77% of its natural land cover and 50% of the freshwater fish population (The Nature Conservancy et al., 2014) . Studies of the governance reasons for this identify institutional fragmentation, poor access to scientific decision-making tools, short-term planning and lack of a sense of urgency as key issues (Willems, 2013) .
Therefore, the objective of the game is to help tackle these obstacles by bringing stakeholders together, stimulating discussion and bridging the gap between policy and science to achieve a better shared understanding and sense of urgency around the management of the basin. To achieve this, it was decided that the game would be a multiplayer game played by groups containing players representing different sectors. The asymmetries in decisionmaking can be represented by controlling the level of communication between the sectors. Hydropower, ecological flows, agriculture and flooding were identified as key issues. The target audience, high-level decision makers, are unlikely to have time to play the game more than once and so the game must be attractive and easy to understand quickly. To ensure appropriate instruction and discussion, the game was designed to be used offline in facilitated workshops of around 90 minutes' duration. To familiarise stakeholders with scientific modelling tools the game was created as a layer on top of a basin-scale WEAP water resources model. From this, the outline concept of a computer-based basin management strategy game for groups emerged (Fig. 1) .
This paper presents a description of the SimBasin game and an evaluation of the impact of the game based on a beta testing session in Bangkok and a stakeholder forum using the game in Bogota, both in 2015. Finally, further improvements and lessons learned from the game are discussed. 
Methods

SimBasin design and development
Overview
Players are split into teams, and led by a moderator through a 30-year narrative set in a fictional catchment subject to a variable climate and growing anthropogenic pressures. Every few "years" the players are required to choose projects affecting the future of the basin, such as hydropower projects, ecological restorations, or flood protection dykes. These projects are simulated using water resources modelling software and the players receive instant feedback of the evolution of seven indicators with time, on graphs which populate as the game progresses. Each indicator has a threshold value which the players should avoid crossing; if any of the thresholds have been crossed, the software adds penalty points to the players score.
The SimBasin software supporting this consists of a model of the basin created using WEAP water resources modelling software and a Microsoft Excel-based processing layer and interface, which connects to WEAP via the WEAP API (Fig. 2) .
When the game begins, the moderator introduces the players to the game and gives them handouts listing the projects they can choose from in the first round. There are three decisions to make, each between three projects assumed to be equally financially viable (for example, to build a reservoir in one of three locations). To illustrate the value of research into reducing uncertainty, players are given a research budget with which they can buy forecasts to study future demands and trends. The forecasts become significantly (sometimes prohibitively) more expensive the further into the future they go, and so players should spend wisely.
Once the decision is taken, the moderator enters it into the interface. The software illustrates the projects chosen in the GUI, parametrises them inside the WEAP model, runs the model, calculates the indicator values for the next five years, displays these on the graphs, and updates the teams score. The moderator helps the players to interpret and discuss the results, and then provides the decision handouts for the next round. After five such rounds, the game ends.
Innovatively, to communicate the role of uncertainty, in addition to the actual values of the indicators, the players see a band of possible values bounded by the maximum and minimum values of that indicator over a 30-year period with no change bar climatic variability (Fig. 3) . The players decisions affect the upper and lower bounds of this band; however, the value of the indicator inside the band depends on meteorological variability. For example, a new hydropower plant may increase the maximum energy production whilst barely affecting the minimum, meaning that in dry years there is still a risk of not producing enough energy.
At the end of the game, an additional "risk" score is calculated for each indicator, which is the probability of not meeting the failure threshold in any given year (the overlap between the band of possible values and the failure threshold):
This calculation makes two important assumptions: (1) that the probability distribution between the upper and lower bounds of the band is flat and (2) that there is no uncertainty in the demand. These clearly do not hold; however, the simplification was made to allow the calculation to be easier to understand and more transparent for players. The sectoral risks are then averaged to give a "risk" score for the team, which demonstrates if their strategy was robust or if they were merely lucky with the climate.
Architecture
SimBasin consists of three layers: the WEAP model, a processing layer, and a graphical user interface (GUI) (Fig. 4) . The processing layer and GUI are implemented in Excel with Visual Basic for Applications (VBA) using the WEAP API and are separate from the model itself. This modularity means that it is possible to adapt the game to other purposes or contexts. The processing layer itself is modular: session organisers can construct any narrative of decisions they wish from a library of functions which parametrise projects in the model. As well as opening the game to use in other contexts, this modularity afforded a high degree of flexibility during the development allowing feedback from multiple testing sessions to be incorporated. The serious gaming literature suggests that testing and incorporating feedback from an early stage is vital to the success of the game (Wagner and Wernbacher, 2013) . Testing the game frequently was also useful for raising its profile and attracting the interest the game needed to reach a wide audience.
Processing layer
The processing layer consists of 4 components: a project routine library of routines which parametrise projects in the model; an indicator routine library of routines which calculate indicators based on model results; a pre-specified narrative describing which decisions will appear when; and a game manager which manages the interaction of these components (Fig. 4) . The project routine library, indicator routine library and game manager are VBA modules and the narrative is written into a table.
Indicators, projects and relationships were selected to highlight the complex interrelationships in the basin. First important final outcomes were identified: flood, energy, food and environmental security (Fig. 5 ). These were then mapped to water/environment indicators which could be used in the game. The indicators selected were floodwater at two locations, agricultural production in tonnes, hydroelectric production, mean river reach alteration, remaining forested area, and remaining wetland area. Projects to change these were identified. The project types include agricultural expansions, restoration or protection of natural zones, and the construction of hydropower and flood infrastructure. Finally, the relations between these were classified as positive, negative or ambiguous. This diagram was then used as a reference using the design and testing process. Certain feedbacks and external factors which could not be satisfactorily modelled are not currently included in the game, notably the effect of climate change on the extents of forests and wetlands, the effect of external market forces or changing patterns of consumption on food and energy supply requirements and the contribution of fisheries to food security.
The game manager runs the game as follows. The moderator examines the results of the previous round on the GUI with the players and clicks "continue". The game manager checks the game year against the game narrative and delivers the decisions for this year through a dialog. The players can use this dialog to buy studies and forecasts. The game manager deals with these requests using the appropriate routine from the indicator routine library and displays the results via the GUI. Once the players have reached a decision it is entered by the moderator using the dialog. The game manager parametrises this in the WEAP model using the appropriate routine from the project routine library and runs the updated WEAP model. It then calculates the indicators from the model results using the indicator routine library, populates the GUI with the results, updates the team's score and advances the game year. The project routine library contains functions which parametrise the projects chosen in the WEAP model (Table 1) . For example, a reservoir could be switched on by changing its start-up year, or land-use changes simulated by adjusting soil parameters. The projects in the game are implemented in the model as various types of step function, taking effect only from the year in which they are implemented, thus preserving the implementation sequence. Considering that each project type can be implemented in different locations or to different extents, this provides a large degree of flexibility when designing the narrative.
The indicator routine library extracts results from the WEAP model and returns the seven indicators, a summary of which is shown in Table 2 . For each indicator, the routine returns the actual values and the band of possible values for the 30 years of climate variability with no external change (however, this band is not calculated for the ecological indicators as the area of forest and wetland remaining does not depend on yearly climate variations and the river alteration is already a stochastic parameter). This is achieved by running two versions of the model. The first includes gradual land-use change and is used for the game; in the second, the basin state is "frozen" as it is in a given game year. The maximum and minimum indicator values for 30 years of weather variation with the basin in its current state can be extracted from this second version, and these form the bounds of the band of Some indicators, such as energy production, could be simply extracted from the WEAP results as they are already familiar to stakeholders. Others had to be processed to make them more tangible, as follows.
For flooding, the indicator used is calculated from the monthly maximum volume of flood water inundating the urban part of the two floodable catchments in the game year. This indicator is expressed as a percentage of a maximum volume assumed to inundate the entire city, corresponding to a high return period flood.
For river health, which has an important impact on ecosystems, two factors were combined: flow regime alteration and river network fragmentation. These indicators are combined through use of utility curves and expressed as a percentage of the baseline health of the freshwater ecosystem.
Flow regime alteration is expressed through mean "ecochange" over 10 representative river reaches. Ecochange is the normalised area between the baseline flow-duration curve and the altered flow-duration curve in the reach. Quantifying ecological alteration of rivers is complex as various flow components need to be considered due to their differing impacts on riverine ecosystems. Therefore, total ecochange is not necessarily a good indicator of ecological alteration, as has been confirmed by studies (Gao et al., 2009 ). However, the requirement to encapsulate all the alteration factors in one parameter and the fact that ecochange is relatively easy to understand and explain made it an attractive parameter for the game.
River network fragmentation is expressed as the longest free river reach of stream order 4þ remaining (pre-calculated from the topology of the real Magdalena-Cauca river network). This is an important indicator for ecosystems as species with migratory ranges longer than the longest free reach of river will be unable to survive in the basin (Grill et al., 2015) .
The narrative was constructed from separate storylines invented in consultation with experts, e.g. "we did not protect natural areas, and once they were gone it was too expensive to restore them". Various such storylines were pulled together into a game narrative, and from this the sequence of decisions was designed and written into the table. The narrative aims to highlight feedbacks and conflicts in the basin. This sequence was then checked and adjusted during testing to ensure that the game performed as expected and gave reasonable results.
Graphical user interface
During the game, the players interact with the gaming tool via a Microsoft Excel interface operated by the moderator. The principal components of the interface are the dashboard (Fig. 2) , illustrating the decisions the players make, the alteration of river reaches and the evolution of the indicator results, and a project selection dialog, through which the moderator enters the players decisions. The dashboard displays the information without interpretation, leaving this to the players and moderator. The GUI is supplemented by paper handouts detailing the projects available and providing context information about the various regions of the basin. This avoids clutter in the interface and means all the information can be contained in one screen. This is important since a group cannot easily navigate an interface with multiple screens.
WEAP model
As one of objectives of the game was to familiarise players with water resources modelling, it was decided that the simulation game would be connected to a modelling tool. The methodology chosen was to use hard coupling (direct connection to the model) instead of soft coupling (pre-calculated results) to give the game greater flexibility and allow a larger variety of player options, giving a richer game environment.
The water resources modelling heart of the game is WEAP, a useful package for participative decision making due to its transparency, focus on simulating various policy pathways, and ability to assimilate various levels of complexity and data availability. Demands and supplies are represented in WEAP as a series of nodes (catchments, demand sites etc.) connected by links (rivers, supply lines etc.). Running on a monthly time-step, the model first calculates the demands and supplies for each node (such as rainfallrunoff or supply requirements), and then uses a linear program to optimise the distribution of water to meet the demands subject to mass balance, supply priorities and other constraints. Lastly, WEAP calculates external impacts such as hydropower generation, pollution generation, or costs (Sieber and Purkey, 2015; Sulis and Sechi, 2013) .
The knowledge base informing the game is a water resources model in WEAP of the whole Magdalena-Cauca basin, created by The Nature Conservancy Colombia. The model contains over 300 sub-catchments and runs at a monthly time step, with two hydrologically complex areas modelled separately on a daily timestep. Soil parameters were set by calibrating modelled streamflows against observations at various locations. As reservoir operations are driven by economic as well as climatic factors, the reservoir operation time series were modelled outside of WEAP. This modelling of production was done on a daily time step and considered long term (30 years) patterns of water availability, the expected power demand relative to installed capacity, optimization of operations and priority relative to other demands. The resulting energy productions were entered as the energy demand time series of the reservoirs in WEAP (Angarita et al., 2015) .
As the runtime of the model was too long for smooth gameplay, a simplified model ("game model") was created and calibrated based on this model and observed data. This was done by simplifying model geometry, since the lack of sufficient computer time to deal with the number of degrees of freedom in the model ruled out data-driven surrogate modelling (Razavi et al., 2012) . Compound indicator of mean ecochange (flow regime alteration), calculated over 10 river reaches relative to a baseline scenario with no hydropower dams or agricultural expansion (Gao et al., 2009 ) and river network fragmentation, expressed through longest free river length of stream order 4 þ in the network (Grill et al., 2015) Forest remaining % of forested area remaining relative to game start year Wetland remaining % of wetland area remaining relative to game start year
The topology of the game model was developed by aggregating the 300 sub-catchments in the original WEAP model into 14 larger catchments along 2 rivers (Fig. 6) . The divisions between these big catchments were determined according to the network layout of the sub-catchments, so each large catchment forms a sensible hydrological unit draining into one of the major rivers. The parameters of these catchments were set such that the simplified model has the same climate, area and land-use characteristics as the real Magdalena-Cauca basin: an area of 27 million ha (46% agriculture, 15% pasture, 33% forest and 6% wetlands) and a mean annual rainfall of 2114 mm.
Development at Year 1 includes hydropower reservoirs, agricultural areas expanding at 1.5% p.a.. The basin is split into 14 administrative units, containing diverse land and freshwater ecosystems. Other features (reservoirs, urban supply sites and irrigated areas) were adapted from the original model to give the fictional catchment a similar range of features. It contains reservoirs based on current or planned projects, urban demand sites, a zone of wetlands, and two floodable urban areas. Additionally, it includes agricultural expansion at a rate estimated from a study into the future hydrological effects of agricultural expansion (MinAmbiente, 2012) .
Of course, the model used is drastically simplified and so it was validated in three ways: firstly, by studying the impacts of each project on the indicators; secondly, by comparing the performance of extreme scenarios (maximum conservation or maximum development, for example); and thirdly, by calibrating the streamflows of the game model at various points with observed streamflows.
The game model performed well under the first two tests. The individual projects and scenarios gave the results expected; in other words, the game tells the correct story. There were some small issues: for example, an effect was noted where the combination of a reservoir with intense agricultural development appeared to reduce alteration of the river. This is because reservoirs increase regulation and deforestation decreases it, and so the net effect is very small. However, this is a necessary implication of using such simplified indicators. Comparison with observed streamflows showed that although the simplified model captured the relative sizes of water balance components and the seasonality of the flows, it was not possible to calibrate the model to give an acceptable prediction of observed streamflows. This is to be expected given the extreme simplicity of the model, but requires the basin to be presented as fictitious in the game.
Application and results
Serious gaming approach
The game can be (and has been) played in various ways, depending on audience and objectives. Here, we will focus on two sessions: one in Bogota, Colombia with water sector stakeholders to promote dialogue in decision-making, and one in Bangkok, Thailand with water modellers to demonstrate a decision-making framework.
SimBasin was used as the heart of a basin management forum held in Bogota in October 2015, organized by The Nature Conservancy (TNC). 60 high-level actors from the basin attended the forum, representing ministries, private enterprises, national planning units, environmental organizations, research institutes and guilds, in addition to journalists and scientists. The aims of the event were to raise the profile of a decision support system (DSS) being developed, to bring stakeholders together with scientists to facilitate discussion and to engage the media.
After introductory sessions, the players were split into four teams, each comprising players from a variety of sectors. Each team played one round of the SimBasin game, led by a moderator from TNC. Two of the teams could discuss their decisions and took them by consensus, whereas at the other two tables no communication between sectors was allowed, and players from each sector took decisions in isolation. Both teams received one score for the whole team based on results across all sectors. At the end of the session, the results were compared, and a presentation was given introducing the DSS.
An early version of the game, with a much less elaborated game software, narrative and workshop logistics, was also tested at the SUMERNET (Sustainable Mekong Research Network) First Regional Workshop on Robust Decision Support (RDS) Framework for Regional Assessment on Water Scarcity Management in the Mekong Region, held from the 14th-16th July 2015 in Bangkok and organized by Stockholm Environment Institute (SEI). The players were mainly water modellers and the game formed an introduction to a decision-making framework. After an introduction, the players played the game once in four teams of around 8 people. After the event, players and moderators answered game evaluation questionnaires.
Results
The Bogota forum achieved its intended purpose and generated a great deal of interest, both from public and private institutions, in the DSS in particular and integrated management in general. It also gave participants a simulation of a cooperative decision-making space with a shared information base. The experience, from observations by the moderators and analysis of the players results in Bogota and questionnaires in Bangkok, is discussed below.
Feedback from players and organisers at the Bogota forum was positive, and the players took the indicators very seriously. During the workshop it was noted how often group pressure could change individuals stances. As found in other studies (e.g. Van der Wal et al., 2016) , the players' mental models and the computational model enriched each other. Players often suggested reasons for changes in indicators outside the hydrological drivers included in the model. For example, one good harvest following another may be attributed to farmers investing their increased profits rather than two consecutive wet years. In this way, players' mental models were much richer than the model driving the game, and included many factors not present in the hydrological model driving the game. On the other hand, the players (although working in the sector) often underestimated feedbacks and long-term or distant impacts, which were captured by the model. Differences were also noted when communication was forbidden. Perhaps predictably, the players at the communication-forbidden tables recriminated each other after the game, whereas the players at the other tables Fig. 7 . Graphical representation of teams' basins at the end of the Bogota forum. maintained a good relationship even when their decisions did not perform as well as expected.
Analysing the results, there was a wide dispersion in the risk distributions produced by the teams, and the non-linear nature of the trade-offs (such as between hydropower and river health) was quite clear. The two tables where discussion was allowed achieved better scores, in terms of penalty points and overall risk (Fig. 7 and Tables 3 and 4 ). In general, they had avoided the "traps" (extreme strategies to solve short-term problems, such as large dykes) in favour of more sustainable strategies, which meant that they had fewer problems to solve by the end of the game. Each round, the players had one "do nothing" option which would have no hydrological effect on the basin. However, these were only chosen on two occasions, both by teams taking decisions by consensus. Risk was also more evenly distributed between sectors. All the tables achieved substantially better scores than two extreme scenarios (Table 5) .
After the Bangkok workshop the moderators reported that the players had fun, and of the players, 81% said they found the game a positive experience, and 60% felt that the gaming session was more valuable than a regular workshop session, although some suggested that the game would be too complex for decision makers. The recordings and moderator feedback suggested that the game stimulated more lively discussions than found in many workshops. 80% said they would like to use SimBasin in their work on basin management (and several got in touch after the workshop to find out more about the game) and 50% felt that serious gaming had "much" or "very much" potential to improve basin management. Interestingly, however, the participants who had previous experience with serious games felt serious gaming had less potential than those who were experiencing it for the first time. Perhaps this is due to excitement over a new methodology. In order to maintain this excitement, attention should be given not only to motivating the players before the game, but also to demonstrating its value afterwards during the debriefing session by linking the results of the game to the players' educational or professional lives.
Discussion
SimBasin for social learning
Feedback from the workshops suggests that SimBasin does provide a fruitful and attractive discussion space for water sector professionals. The space is free from the restrictions of past systems, and allows mental models to be shared and compared, and dialogue to take place between scientists and decision-makers, as discussed in the Introduction. It has generated interest in basin management from the media and other stakeholders and provides a way to bridge the gap between science and policy.
By removing the barriers between sectors, the game removes the past institutional systems which prevent stakeholders from communicating. The better scores obtained by the tables which discussed openly demonstrates the value of this. Stakeholders could share their perspectives openly in the fictional game space, without fear of compromising real projects. Every player came to the table with their own mental model of the basin, and the game space proved to be a fertile place for these models to be shared, compared and enriched. Players learned from each other, as well as from the computer model, and the game demonstrated that no one perspective is complete or correct, which implies that it is justified to invest effort in finding ways to communicate and share perspectives. The game also stimulated dialogue between stakeholders and the scientists facilitating the workshop. Players came to understand the value and scope of scientific tools available; meanwhile, they provided insights about the relationships not directly represented in the hydrological model. This demonstrates the value of bringing stakeholders and computer models together.
A key advantage of the serious game was the attention which it attracted, allowing high-level stakeholders to be invited. In particular, the drama of the game session enabled the collaboration with the media, which in turn encouraged more stakeholders to attend, and enabled the results to be disseminated to a wide audience of readers. It is supposed that a standard workshop or classroom style session would not have attracted the same interest. Nevertheless, even if SimBasins success is due to hype, this hype can be harnessed, at least in the short-term. Scientists need ways to create a sense of urgency around key issues and in this sense serious games can create dialogue and serve as a useful complement to conventional decision support tools. Therefore, even if a game is not the best way to communicate basin problems to decision makers in a room, it may be the best way of getting them into the room in the first place. The game continues to be popular and has been played by over 200 people inside and outside of Colombia, including with planning unit staff, journalists, politicians, students and scientists. Applications include 4 workshops for students as part of masters courses at UNESCO-IHE and the Escuela Colombiana de Ingenieria, and workshops with stakeholders and journalists on topics including electricity generation, regional planning and fish migration. The sessions seem to consistently stimulate players to supplement the knowledge contained in the computer model with their own mental models and experiences, making the game applicable to a wide variety of audiences and objectives and a powerful discussion support tool.
It should be noted that, in common with other capacity building methods, it is difficult to gather evidence demonstrating whether or not the gaming session has a lasting impact on the participants. As such, it is difficult to say whether serious gaming is more or less effective than other traditional, accepted capacity building methods, such as workshops. However, the number of high-level stakeholders who were reached and their level of engagement with the game is promising, and this may not be possible with other methods.
Further developments
Based on the experiences with the game, possible new directions for improvement have been identified: (a) to enrich the model with additional relationships and feedbacks, (b) to refine the quantification of environmental impacts, (c) to give players more freedom to explore strategies, and (d) to include more content inside the game itself to increase its emotional impact.
(a) The game only reflects relationships driven by the water balance. Participants do bring up relationships driven by other physical or socioeconomic factors during the discussion; however, it would be preferable that these were modelled explicitly. (b) For river alteration, only the mean aggregated "ecochange" parameter is used. If the game were to focus more exclusively on environmental flows, the indicator could be disaggregated (for example, into alteration in high, low and medium flows, or into surpluses and deficits). This would allow the alteration to be linked to specific impacts in the aquatic system, such as inhibition of fish migration. (c) Some players found the fixed narrative of decisions restricting. The decision to use a narrative instead of giving players freedom to make whichever interventions they like came from the need to limit the players to a realistic number of interventions and to focus the discussion. In real life this limit is economic, which in the game would mean giving players a budget to spend on interventions and pricing each intervention. However, this is difficult to structure realistically because in real life the money comes from various sources and some projects provide future revenue. (d) To ensure meaningful learning takes place and increase the appeal of the game, it is important that players engage emotionally with the game. To this end, more visual content such as photos, videos and so on could be incorporated to illustrate the impacts calculated by the game.
Conclusions
SimBasin has proved to be a valuable catalyst for bringing stakeholders together in the context of the Magdalena-Cauca. It provided a space free from the restrictions of past systems where stakeholders and scientists can meet and critically compare mental and computer models, with interesting insights gained on both sides. It proved a successful way of involving the media and connecting with a wider range of participants than other types of workshops.
The experience gained is also useful for those considering using serious gaming in other contexts. Firstly, the game can simulate decision-making processes as they are, or it can simulate what could be, demonstrating the value of integrated decision-making. Secondly, by bridging the gap between science and policy, professionals mental models and scientists models can mutually enrich each other. Lastly, since serious gaming is popular and seemingly becoming more so, it can be effective in helping to attract attention and create a sense of urgency. However, a plan should be in place for what to do with this momentum once it has been created. For example, SimBasin was created as part of a strategy to link TNCs decision support tools to decision-makers. The decision to use serious gaming should be made based on a consideration of the problem, particularly the synergies that could be created, for example with media organizations.
In conclusion, SimBasin demonstrates that the appeal of serious gaming can be successfully harnessed to both get scientists and stakeholders around the same table, and put something on the table for them to talk about. SimBasin software and supporting materials are freely available online for download at http:// simbasin.hilab.nl. 
